I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Female sterilization or tubal ligation is the most accepted method of contraception in India. Almost 5-6 million sterilization procedures are performed annually contributing to 98% of all sterilizations and roughly 62% of all contraceptive use. The most popular method used in female sterilization in India is the laparoscopic tubal occlusion. Over 85.3% of all persons who have adopted this method of contraception availed this service from government facilities. Although, tubal sterilization is considered a permanent method of fertility control, pregnancy can occur in 1 in 200, according to international sources. In the 1^st^ year after tubal sterilization, the estimated failure rate is 0.1-0.8% respectively. In our study, we have tried to evaluate the etiological factors for sterilization-failure and also to discuss preventive measures to avoid unwanted pregnancies and maternal morbidities as a result of sterilization-failure specifically in developing countries like India where sterilization-failure is a genuine medical issue.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study is a retrospective study which includes all women who have reported or referred as tubal sterilization-failure to Department of Obstetrics and Gynecology, Government Medical College and Hospital at our institute during the period of 10 years from April 2002 to March 2012. Luteal phase pregnancies are not included as sterilization-failure in our study. Information has been collected from case records of these patients maintained in the institution after approval by ethics committee. Informed consent form was not needed as identity of patient has not been revealed anywhere. Important aspects of case history includes age, obstetric score, type of sterilization, place of sterilization, sterilization-failure interval, gestational age at the time of diagnosis, decision of couple regarding further management of present pregnancy and re-sterilization. Pregnancy was further managed depending on couple\'s decision, gestational age, obstetric history and maternal condition. Those patients who were not ready or fit for re-sterilization were discharged. During the re-sterilization, previous sterilization procedure was assessed for correct performance, recanalization, intactness and other associated findings. Re-sterilization was performed depending on their intra-operative findings.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

During the selected period, April 2002-March 2012 (10 years) 140 women have reported to the institution as tubal sterilization-failure making an average of 14 cases/year. Year-wise distribution is projected in [Figure 1](#F1){ref-type="fig"}.
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Women of age group 25-29 years (49%) constituted the largest group \[[Figure 2](#F2){ref-type="fig"}\]. The eldest patient documented was of 42 years. In parity comparison, 50% of women were para 2 \[[Figure 3](#F3){ref-type="fig"}\]. We have also reported a patient with parity 6 who had conceived thrice after sterilization. When we compared type of surgery \[[Figure 4](#F4){ref-type="fig"}\], minilaparotomy (minilap) failure constituted 59% followed by laparoscopic tubal ligation (Lap TL) - 38% and lower segment cesarean section (LSCS) - 3%. Sterilization-failure interval \[[Figure 5](#F5){ref-type="fig"}\] was \<1 year in 22 (15.71%) cases, 1-5 years in 80 patients (57.14%), 6-10 years in 30 (21.43%) and \>10 years in eight patients (5.71%). The longest documented sterilization-failure interval was 20 years in our study presented with ruptured ectopic.
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In whom sterilization-failure interval was \<1 year, initial non-occlusion due to improper procedure was responsible for failure in 12 cases (54.55%). There was recanalization and an ectopic 1 each (4.55%). Failure occurred due to tuboperitoneal fistula in five patients (22.72%) and three patients couldn't be evaluated as either unfit or not ready for re-sterilization. Interval of 1-5 years was in 80 patients (57.14%) with recanalization in 14 cases (17.5%), improper procedure in 11 (13.75%), ectopic in 6 (7.5%) and failure due to tuboperitoneal fistula in 38 (47.5%). Evaluation was not possible in 11 cases as either there were not ready or unfit for re-sterilization.

When we compared patients in sterilization-failure interval 6-10 years, out of 30, recanalization was seen in 8 cases (26.67%), tuboperitoneal fistula in 10 (33.33%), ectopic and improper procedure in 4 each (13.33%). Those patients in which sterilization-failure interval was \>10 years, ectopic was found in 3 cases (37.5%), recanalization in 2 (25%), tuboperitoneal fistula in 1 (12.5%) and 2 cases (25%) couldn't be evaluated.

When place of previous sterilization was compared \[[Figure 6](#F6){ref-type="fig"}\], 84 cases (60%) were from Primary Health Center (PHC) followed by tertiary center 19 (13.57%), rural hospital 16 (11.43%), private hospital 15 (10.71%) and camp 6 (4.29%) in descending order.
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Only 58 patients (41.43%) reported failure in 1^st^ trimester, out of 44 (31.43%) underwent 1^st^ trimester medical termination of pregnancy (MTP), rest 14 (10%) underwent laparotomy for an ectopic pregnancy. There were 48 patients with gestational age of 12-20 weeks (34.29%), 41 (29.29%) had 2^nd^ trimester MTP and 7 (5%) needed hysterotomy due to obstetric conditions. In rest 34 patients where pregnancy was \>20 weeks (24.29%), 22 delivered vaginally at term (15.71%), 4 were preterm deliveries (2.86%) and 8 required LSCS (5.71%) as demonstrated in [Figure 7](#F7){ref-type="fig"}.
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To summarize, recanalization was seen in 25 cases (17.86%) along with 14 cases (10%) of ectopic pregnancies. Recanalization was documented on the right side in 19, on the left side in 12 and both sides in eight patients. Improper procedure was noted in 27 (19.29%) and in 54 (38.57%) failure occurred due to tuboperitoneal fistula. Evaluation of cause for failure was not possible in 20 patients (14.28%) as given in [Figure 8](#F8){ref-type="fig"}.
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Details regarding improper procedures are described in [Table 1](#T1){ref-type="table"}. Methods performed during re-sterilization were specified in [Table 2](#T2){ref-type="table"} along with incidental findings enumerated in [Table 3](#T3){ref-type="table"}.
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Improper procedure details
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Re-sterilization procedure details
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Incidental findings
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In comparison related to type of sterilization, 78% (21 cases) improper procedures were observed in Lap TL where 22% (6 cases) in case of minilap. When recanalization was distributed, 52% cases (13) were with minilap, 44 (11) with Lap TL and rest 4% were LSCS cases while %tuboperitoneal fistula distribution as given in chart 12. Similarly, ectopic pregnancies were plotted as 79% (11 cases) in minilap, 14% (2) in Lap TL and 7% in LSCS.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Chances of failure are more in younger age as almost 65% failures documented were \<30 years which correlates with previous study of Trussell *et al*. and Peterson *et al*.\[[@ref1][@ref2]\]

In our study, failure with minilap was more (59%) compared to Lap TL (38%) as contrary to Kulier *et al*. where there was no significant difference in failure rate between two and Hughes who described higher failure rate with Lap TL.\[[@ref3][@ref4]\] We came across a case with sterilization-failure documented twice similar to Vessey *et al*.\[[@ref5]\] Patient underwent Lap TL and had failure which was due to improper procedure followed by minilap. This time failure was due to recanalization and during re-sterilization bilateral salpingectomy was performed but there was documented case of spontaneous pregnancy after bilateral salpingectomy in literature.\[[@ref6]\]

Failure interval was between 1 and 10 years in 78% of patients which coincides with Vessey *et al*. and Lassner *et al*.\[[@ref5][@ref7]\] The longest documented failure interval was 23 years\[[@ref8]\] whereas in our study it was reported to be 20 years.

A greater proportion of early failures (\<1 year) were mainly due to initial non-occlusion of tube due to improper procedure compared with late failures where tubal regeneration leading to spontaneous tubal reapproximation associated with tubal reanastomosis and recanalization or formation of tuboperitoneal fistula were likely factors similar to study of Varma and Gupta.\[[@ref9]\] When failure due to improper procedure was further analyzed 78% contribution was from occlusive methods with laparoscopy. In resectional methods with minilap, failure was prominently due to spontaneous luminal regeneration. Both findings were comparable with Soderstrom.\[[@ref10]\]

There is an evidence that anatomical tubal patency can occur following a correctly undertaken sterilization methods.\[[@ref11][@ref12][@ref13][@ref14]\] However, persisting anatomical tubal patency does not necessarily imply sterilization failure, as tubal patency rates of 1-2% at 3 months and 16% at 5 years have been noted following correctly applied tubal ligation, with the actual pregnancy occurrence of 1-2% over this time period.\[[@ref10]\]

When place of previous surgery was evaluated, 60% cases were from PHC. This could be explained with Hughes, Roy *et al*. and Stovall *et al*. studies\[[@ref4][@ref15][@ref16]\] mentioning that untrained surgeons being constant factor in sterilization-failures. According to study carried out by Premalatha and Tripathi standards of sterilization were followed in \<17% of patients.\[[@ref17]\]

Pre-existing gynecological pathology or mullerian anomalies were documented as predisposing factors for sterilization-failure\[[@ref18][@ref19]\] which were also seen in few of our cases narrated in detail in incidental findings \[[Table 3](#T3){ref-type="table"}\].

Ectopic pregnancies constituted 4.55% and 7.5% in \<1 year and 1-5 year group similar to Shah *et al*. and Bhatnagar\[[@ref20][@ref21]\] but for higher intervals it had contributed up to 37.5% comparable to Varma and Gupta.\[[@ref9]\] These findings can be correlated in simpler terms as initial non-occlusion leading to early failure and as it is less likely to damage the tube, resulting pregnancy is likely to be intrauterine whereas late failures developing due to spontaneous tubal regeneration resulting in abnormal luminal anatomy increasing chances of ectopic pregnancy. This can also explain how 79% ectopics were due to minilap failure.

Almost 60% cases were reported when pregnancy was \>12 weeks and out of \>20% required major surgical interventions such as hysterotomy, LSCS, laparotomy for ectopic. 30% patients underwent 2^nd^ trimester MTP.

Guidelines are given in standards for female sterilization services, ministry of health and Family Welfare, Government of India, 2006 October. They are as follows. The operating surgeon should identify each fallopian tube clearly, tracing right up to fimbria. Excision of 1 cm of fallopian tube should be done. The site of the occlusion of tube must be in isthmic portion 2-3 cm away from uterine cornu.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Female sterilization-failure is well-known and proven entity and no age, method and interval is failure free. Although, it is not completely preventable, failure due to improper procedure can be avoided if we will follow standard guidelines for tubal ligation. Proper counseling of patient regarding chances of failure and early reporting if menses are delayed can help in diagnosing failure in early gestation and to reduce related morbidities.
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